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PREFACE 

This thesis represents a surface and subsurface geologic study of 

the stratigraphy, including sedimentology and petrography, of the McAl

ester Formation (Booch) Sandstones. The area covered includes Haskell, 

Muskogee, and Mcintosh Counties with parts of Okmulgee and Pittsburg 

Counties, Oklahoma. Recent hydrocarbon discoveries in the Booch Sand

stone encouraged the development of this project and the opportunity to 

work with a classic ancient delta example was personally challenging. 

I would like to thank my thesis committee; Dr. Arthur W. Cleaves 

(adviser), Dr. Gary F. Stewart, and Dr. Zuhair Al-Shaieb for their assis

tance and interest in this study. Deepest appreciation is expressed to 

Mr. Allan P. Bennison for his s1ncere interest, valuable comments and 

suggestions, and financial support. I also thank the Oklahoma Geologi

cal Survey for financial aid and access to cores and cuttings used in 

this study. The Oklahoma Well Log Library and the Oklahoma City Geologi

cal Society Log Library were kind enough to allow free access to geo

physical logs used in subsurface mapping. The many suggestions of other 

faculty and my fellow graduate students are gratefully acknowledged. 

Most of all I wish to thank my family. My parents, Mr. and Mrs. 

Allen H. Bissell, have given me a lifetime of opportunities. Special 

thanks to my wife, Dawn, whose loving understanding and support made 

this project possible. 

iii 



/ 

TABLE OF CONTENTS 

Chapter 

I. ABSTRACT 

II. INTRODUCTION 

III. 

Location of Study 
Objectives 
Methods of Investigation 
Previous Investigations 

STRATIGRAPHY 

Pennsylvanian System • 
Desmoinesian Series 
Krebs Group 
McAlester Formation 

Cycles of Sedimentation 
Introduction 
Warner Cycle 
Stigler Cycle 
Upper McAlester Cycles 

Surface to Subsurface Correlations 
Introduction 
McAlester Formation 
Regional Correlation 

IV. DEPOSITIONAL FRAMEWORK 

Evolution of the Arkoma Basin 
Depositional Setting of the McAlester 

Source and Basin Characteristics 
Paleoclimate 
Booch Delta 
Depositional and Facies Models 

V. OUTCROP STUDY 

Introduction 
Measured Sections 

McCurtain Shale 
Warner Sandstone 
Other Sandstone Members 

VI. SUBSURFACE STUDY 

iv 

Page 

1 

3 

3 
5 
5 
7 

10 

10 
10 
13 
13 
15 
15 
17 
18 
20 
21 
21 
22 
25 

26 

26 
Formation 27 

27 
30 
30 
32 

40 

40 
41 
41 
44 
51 

55 



Chapter 

Introduction • • • . • • • • • • . • • • . 
Study of Cores • • • • • • • • • • • • • • 

Hemisphere Drilling, No. 1 Ryals-Pine (B01) 
Tamarack Petroleum, No. 2 Kerr (B02) 

Subsurface Mapping • • • • • • • . • 
Introduction • • • • • . • • • • 
Warner Cycle (Lower Booch) Sand Isolith • 
Warner Cycle Isopach 
McAlester Isopach • 

Petroleum Occurrence • 

VII. PETROGRAPHY AND DIAGENESIS 

Composition •••••• 
Detrital Constituents 
Diagenetic Constituents 

Porosity ••••.•••• 
Diagenetic History • 

VIII. SUMMARY AND CONCLUSIONS • 

SELECTED REFERENCES 

APPENDIX A - MEASURED SECTIONS AND CORE DESCRIPTIONS 

APPENDIX B - PHOTO-REDUCTION OF PLATES • • • . • • • 

v 

Page 

55 
57 
57 
59 
61 
61 
63 
65 
66 
66 

70 

70 
70 
74 
82 
88 

91 

94 

98 

114 



LIST OF TABLES 

Table Page 

I. Lower and Middle Pennsylvanian Stratigraphic 
Nomenclature • 11 

II. Measured Section and Sampled Outcrop Locations . 43 

III. Core and Well Cutting Locations 56 

vi 



LIST OF FIGURES 

Figure 

1. Index Map of the Thesis Study Area 

2. D. A. Busch's (1974, p. 75) Booch Isolith Map, 
Seminole District, Oklahoma •••••• 

3. North to South Thickening of Desmoinesian Strata 
in Eastern Oklahoma • • • • • • • • • ••• 

4. Generalized Stratigraphic Section' for the 

5. 

McAlester Formation • • • • 

Contorted and Friable Medium-sand Sandstone 
at the Type Locality of the Warner Sandstone 
at Warner, Oklahoma ..•..•..•..•• 

6. Typical Stratigraphic Relationship of McAlester 
Members Between the Warner Sandstone and the 
Keota Sandstone • . 

7. Surface and Subsurface Nomenclature 

8. Lower Desmoinesian Paleogeography • 

9. Probable Orientation of North America During 
Middle to Late Pennsylvanian Time ••••• 

Page 

4 

9 

12 

16 

19 

19 

23 

28 

31 

10. Distinguishing Characteristics of Bar Finger Sandstones • • 33 

11. Depositional Environments Associated with Coal 
Developments in Coastal Areas • 35 

12. Cratonic, Lobate Delta Model 

13. Cratonic, Elongate Delta Model 

14. Locations of Measured Sections 

15. Bioturbated Siltstone Layer in the McCurtain Shale 

16. Unidirectional, Tabular Cross-bedding in a Warner 
Sandstone Channel • . • • . • • • • • . • • 

vii 

36 

37 

42 

46 

46 



Figure 

17. Numerous Stacked Channels of Warner Sandstone (W04) 
at McCurtain • . • • • • • • • • 

18. Abrupt Basal Contact Between the Warner Sandstone and 
the McCurtain Shale at W04 .•••••••. 

19. Coarsening Upwards Lower Deltaic Plain Deposit 
in the Warner Sandstone (W06) 

20. Tamaha Sandstone (T04) at Strip Pit North of Stigler 

21. Lower Booch Sand Distribution (in Feet) in the 
Morgan Pool • • • • • . 

22. Core BOl, Sec. 3, T. 12 N., .R. 11 E., Interval 
2253 feet to 2276 feet • • • • 

23. Microfaulting in the Upper Sandstone Zone (2043 feet) 
of Core B02 • • • • • • • . • • • 

24. Typical Lower Booch (Warner) Sandstone Geophysical 
Log Responses • • • • • • • • • • • • • • • • . • 

25. Stratigraphic and Structural Controls on Petroleum 
Occurrence in the Lake Eufaula Area • • • • • 

26. Sketch Map of the S. W. Texanna Field • 

27. Average Composition of Major Detrital Constituents 
in McAlester Sandstones . • • • • • • • • • 

28. Classification of McAlester Sandstones 

29-. Average Composition of Major Authigenic Constituents 
in McAlester Sandstones .•••••••••• 

30. 

31. 

Photomicrograph of Effects of Pressure Solution 
and Quartz Overgrowth in the Warner Sands tone • 

Photomicrograph of Microquartz Cementation ln the 
Warner Sandstone . . . . . . . . . . . . . . . . 

32. Photomicrographs Illustrating Original Quartz Grain Shapes 

33. 

34. 

35. 

Photomicrograph (A) and SEM Image (B) of Siderite-
cemented Warner Sandstone . . . . . . . 

Photomicrograph of Quartz-after-sulphate Poikiotopic 
Cement in Core BOl • • • • • • • • • • • • • • • 

Photomicrograph Illustrating Granular Siderite and 
Displacive Calcite Cements •••••••••.• 

viii 

. . 

Page 

48 

48 

50 

53 

58 

60 

62 

64 

67 

68 

71 

73 

75 

76 

. . 76 

77 

. . . 78 

80 

80 



Figure 

36. 

37. 

Photomicrograph Illustrating Authigenic Kaolinite 
Development in a Dissolution Pore • • .••. 

SEM Image of Pore-filling Kaolinite in the Warner 
Sandstone • • • • . • • • • • • • • • • 

38. Photomicrograph of Authigenic Chlorite and Siderite 

39. 

40. 

41. 

42. 

Cements 

SEM Image of Authigenic Chlorite and Illite 1n a 
Siderite-cemented Sandstone .••• 

Photomicrograph of "Hybrid" Porosity, Lower Booch 
Sandstone, Bald Hill Field ••.• 

Photomicrograph Illustrating Oil Stained Porosity, 
Owing to the Dissolution of Calcite Cement 

Photomicrographs Illustrating Porosity Owing 
to the Dissolution of Feldspar, Left, and 
Detrital Matrix, Right ••••• 

43. Photomicrograph of Hematite (Formed after Siderite) 
Cemented Quartz Arenite • . . • • • • ••. 

44. Photomicrograph Illustrating Complete Cementation by 
Siderite and Calcite •••••••••••• 

45. Paragenetic Sequence for McAlester Sandstones • 

ix 

Page 

81 

81 

83 

83 

84 

84 

86 

87 

87 

89 



Plate 

I. 

II. 

III. 

IV. 

LIST OF PLATES 

N-S Stratigraphic Cross-Section 
(McAlester Formation) •••• 

E-W Stratigraphic Cross-Section 
(McAlester Formation) •••• 

E-W Stratigraphic Cross-Section 
(Warner Cycle) • • • • 

Net Sandstone Isolith - Warner Cycle 
(Lower Booch) • • . 

V. Isopach: Warner Cycle 

VI. Isopach: McAlester Formation • 

X 

In Pocket 

In Pocket 

In Pocket 

In Pocket 

In Pocket 

In Pocket 



CHAPTER I 

ABSTRACT 

The McAlester Formation of Desmoinesian (Pennsylvanian) age ~s a 

dominantly shale lithostratigraphic unit in the Arkoma Basin geologic 

province of East-central Oklahoma and Western Arkansas. Five named sand

stone members are regionally persistent within the area of study. They 

are (in ascending order): the Warner, Lequire, Cameron, Tamaha, and 

Keota. In the subsurface, these units are known as the Booch Sands; the 

Lower Booch locally produces large amounts of oil and gas. 

The Warner (Lower Booch) and other members of the McAlester Forma

tion all appear related to the typically deltaic regressive episodes 

that punctuate the overall transgression that occured during the Desmoin

esian. Upper and lower delta plain deposits, channels, delta front sand

stones, and prodelta shales were observed and measured in outcrops of 

McAlester members, with an emphasis on the Warner Sandstone. The two 

cores obtained for the study were useful in similar environmental inter

pretations and a petrographic study. Five sets of well cuttings were 

utilized to aid in the subsurface stratigraphic aspect of the study and 

in petrography of wells that produce from the Booch. 

Subsurface mapping of the Warner cycle, an informal subdivision of 

the McAlester Formation used to illustrate a regressive phase of sedimen

tation, revealed a southeast extension of The Booch Delta as originally 

mapped by D. A. Busch (1953). The net sand map prepared explained both 

1 
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apparent production trends in the area under Eufaula Reservoir and the 

proximal deltaic facies identified in the outcrop aspect of this study. 

By utilizing small scale maps of producing Booch fields, the Lower Booch 

(Warner) net sand map, a previously published structure map, and a loca

tion map of major Booch production, conclusions on trapping mechanisms 

could be drawn. It appears that the best hydrocarbon production in the 

Eufaula Reservoir area is associated with the interaction of major chan

nel facies and large scale anticlines, synclines, or faults. 

All sandstones within the McAlester Formation may be classified as 

sublitharenites, typically dominated by monocrystalline quartz, and con

taining small amounts of feldspar, detrital clay, and fragments of meta

morphic rock. Authigenic cements and clays usually include siderite, an 

indicator of deltaic sedimentation itself, calcite, hematite, kaolinite, 

illite, and chlorite. Productive porosity in the Booch Sandstone is 

classified as 'hybrid' intergranular, a combination of several events of 

precipitation of authigenic cements and dissolution of these minerals. 

The dissolution of detrital constituents such as feldspar and clay 

clasts (and matrix) contribute to overall porosity which usually ranges 

from 8 to 15 percent. 

The persistent character of the members allowed correlations from 

the surface to the subsurface, within the framework of cycles identified 

by the overall transgressive or regressive nature of the sediments. 

With such correlations, information presented on depositional environ

ments, investigations of trapping mechanisms, maps prepared, and identi

fication of porosity controls for the Booch sands chances for success in 

exproration for oil and gas in the Lower Booch (Warner) Sandstone may be 

enhanced. 



CHAPTER II 

INTRODUCTION 

Location of Study 

This thesis study involves the surface and subsurface analysis of 

the sandstone members (Booch Sandstones) in the McAlester Formation, a 

lower Desmoinesian (Pennsylvanian) lithostratigraphic unit in the Arkoma 

Basin geologic province of East-central Oklahoma (Figure 1). 

Surface work involved the examination and measurement of the sand-

atone and intervening shale members of the McAlester Formation. In 

ascending order, these include: McCurtain Shale, Warner Sc~.ndstone, 

Lequire-Cameron Sandstone, Tamaha Sandstone, and Keota Sandstone. Expo-

sures were studied in Mcintosh, Muskogee, and Haskell Counties, Okla-

homa. 

Subsurface geological mapping involved all of Mcintosh County and 

parts of Haskell, Okmulgee, Muskogee, and Pittsburg Counties. The exact 

area is ddined by Township(s) 8 through 14 ~orth, Range(s) 13 through 

19 East, Oklahoma. The northern two-thirds of Eufaula Reservoir lies 

" within this 1764 mi . .:. area. No }fcAlester cores were available within 

the area outlined above. However, cores were obtained from wells loca-

ted at Sec. 3, T. 12 N., R. E ::!:., au::i Sec. 17,, T. l1 ~., R. 12 E., 

short distances outside the mapping areas. 

3 
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Objectives 

The major objectives of this study include: 

1. Delineation of probable regressive and transgressive sedimentation 

episodes and cycles in the McAlester Formation. 

2. Correlations of members Ln the McAlester Foroation to the subsur

face equivalent geophysical log responses. 

3. Recognition of specific depositional facies 1n McAlester sandstone 

outcrops and cores. 

4. Generation of subsurface maps illustrating the sand body geometry, 

depositional framework, and construction of cross-sections illus

trating the correlation of important reservoir sandstone members of 

the McAlester Formation. 

5. Development and illustration of basic explanations of oil and gas 

entrapment 1n McAlester sandstones. 

6. Evaluation of petrographic and diagenetic characteristics of ~cAles

ter sandstones. 

Methods of Investigation 

Data collection for this study involved several forms. First, out

crops in Mcinto;;h, Muskogee, and Haskell Counties were examinEd and 

measured for the purpose of determining depositional environments and 

petrographic character, and for familiarization with ov~rall strati

graphic relationships of members. Twelve approximately 30 feet thicK 

sections were measured; these .:n:·e described in Appendix A. Twelve other 

outcrops were examined and sampled within the three-county study area to 

provide additional prec1sion in definLng spec1!~c depositional environ

ments (Table II, Chapter IV). 
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No cores were available within the subsurface map area. However, 

two cores from west of this area were obtained and measured to evaluate 

depositional environments, petrographic character, and hydrocarbon reser

voir possibilities within the sandstones~ Core descriptions appear in 

Appendix A. In addition to cores, five sets of well cuttings were exam

ined and compared to available geophysical logs for the purpose of under

standing the relationships between log responses and lithology within 

the McAlester Formation (Table III, Chapter VI). 

More than 134 thin ~ections were prepared from surface and subsur

face sandstone samples. Thin sections were utilized to study the petro

graphy and diagenetic history of the McAlester sandstones, as outlined 

in Chapter VII. Basically, diagenetic history ~as determined by the 

apparent cross-cutting relationships among authigenic minerals in the 

sandstones. 

One thin section from each measured section and core was stained 

with sodium cobaltnitrate for detection of feldspars; feldspar values 

were corrected accordingly. Thin sections containing significant (more 

than 5%) carbonate cements were stained with alizarin red/potassium 

ferricyanide solution to distinguish between ferroan and non-ferroan cal

cite and dolomite. To further aid in determining mineralogy, powder 

x-ray diffraction was also utilized. The clay mineral fraction was 

removed from twenty powdered samples, heated and glycolated, and run on 

a 2-14 28 x-ray diffraction to investigate the composition and degree of 

crystallinity •. Scanning electron microscopy and cathode illuminescence 

were used to examine textural relationships among authigenic and detri

tal minerals. 
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Correlations between surface members of the McAlester Formation and 

subsurface geoph~sical log responses were accomplished by stripping out 

geophysical logs with probable lithology and comparing these strati

graphic sequences to complete outcrop sections. County bulletins were 

invaluable in this approach. From the easternmost wells (those nearest 

outcrops), a network of geophysical log cross-sections was developed to 

aid in correlation of units throughout the study area. 

Finally, subsurface data were collected from geophysical and dril

ler's logs available at log libraries. Three regional subsurface.maps 

were prepared with this data for the purpose of illustrating the sand 

geometry of the Warner Member, thickness of the total format cycle that 

includes the Warner Sandstone, and thickness of the McAlester Formation. 

Format cycles utilized in this report. follow the ideas of Brown (1979), 

wherein, a cycle repr~sents constructive (regressive) through destruc

tive (transgressive) sedimentation episodes. Similarly, Busch's (1974) 

genetic increment of strata, "GIS", represents a single sedimentation 

episode delineated by marker beds such as coal or limestones. 

Previous Investigations 

Literature research was an important part of this study. During 

early stages of the research, county geological bulletins were utilized 

to locate many of the McAlester outcrops examined. Perhaps more impor

tant, these works demonstrated the very types of stratigraphic correla

tions lacking in the subsurface. The Muskogee-Porum District was mapped 

by Wilson and Newell in 1937. Muskogee County was re-mapped by Oakes, 

et al. in 1977. Haskell County was mapped by Oakes and Knechtel in 

1948. The surface geology and petroleum resources of Mcintosh County 



were described in a bulletin written by Oakes (1966), with subsurface 

work by Koonz. Stratigraphic·descriptions of the McAlester Formation, 

its members, and associated strata were utilized from the texts of all 

these Oklahoma Geological Survey publications. 

8 

More detailed petrographic and stratigraphic studies of McAlester 

sandstones were included in Master's theses. Scruton (1949) evaluated 

the petrography and depositional environment of the Warner Sandstone 1n 

outcrops generally north of Warner, Muskogee County. An analysis of the 

Stigler Coal and collateral McAlester strata in Haskell and parts of 

adjacent counties was written by Karvelot (1972). Karvelot's report 

included several useful measured section descriptions. Strata of the 

Hartshorne and McAlester formations were correlated by Catalano (1978) 

1n eastern Haskell County. 

The Booch Sandstone (Warner Member) of the McAlester Formation was 

mapped in the subsurface by Reed (1923) and Busch (1953). Dr. Busch's 

famous Booch sandstone isolith map has been published in many text books 

and reports since 1953 (Figure 2). However, no recent maps have been 

published on Booch (McAlester) sandstones within Busch's area or in ad

jacent areas. 

The McAlester Formation has been included 1n broader studies of 

Desmoinesian strata in East-central Oklahoma. Visher et al., (1971) 

illustrated a regional geophysical log correlation including the McAles

ter (Booch). Another important source of information on McAlester stra

tigraphy has been Bennison (1979a, 1979b, 1984 personal communication). 

His articles on Desmoinesian coal cycles (includin~ the McAlester) 

demonstrate many correlations utilized in this study. 
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CHAPTER III 

STRATIGRAPHY 

Pennsylvanian System 

Desmoinesian Series 

In Oklahoma, the Lower and Middle Pennsylvanian are subdivided, 1n 

ascending order, into the Morrow, Atoka, and Desmoines Series (Table I). 

Strata involved 1n the present study are all of Desmoinesian age. Des

moinesian rocks in the Arkoma Basin are shales and siltstones, a minor 

amount of sandstone, and very little' impure limestone. The Desmoinesian 

sediment wedge thickens from north to south from the Northern Shelf pro

vince (Cherokee Shelf of older usage) into the Arkoma foreland basin. 

Bennison (1979a) developed models to explain sedimentation cyclicity and 

illustrated the nearly eight fold thickening in the Desmoinesian se

quence north to south from Kansas to the Ouachita Mountain province 

(Figure 3). 

Several deltaic and fan-delta regressive sedimentation episodes 

provide the sandstones in the Desmoinesian of East-central Oklahoma. 

Dark marine shales and several regionally extensive limestones record 

the major transgressive events of the Desmoinesian (Cherokee) Sea. The 

lensatic and regionally extensive sandstones, underclays, and coals re

cord similarly important regressive events. The source of terrigenous 

clastic detritus in the Arkoma Basin was from the north, with the sea 

10 



TABLE I 

LOWER AND MIDDLE PENNSYLVANIAN STRATIGRAPHIC NOMENCLATURE 

Desmoinesian Series 

Atokan Series 

Morrowan Series 

* Subject of this study 

Marmaton Group 

Cabanis Group 

Krebs Group 

U. Dornick Hills 
Group 

L. Dornick Hills 
Group 

Holdenville Sh. 
Wewoka Fm. 
Wetumka Sh. 
Calvin Fm. 

Senora Fm. 
Stuart Sh. 
Thurman Ss. 

Boggy Fm. 
Savanna Fm. 

*McAlester Fm. 
Hartshorne Fm. 

Atoka Fm. 

Wapanucka Ls. 
Union Valley Ls. 
Cromwell Ss. 
Jefferson Ss. 

11 
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transgressing from the south, through the lower and middle Desmoinesian 

(Krebs, Cabaniss Groups). However, later Desmoinesian (Marmaton Group) 

sediments indicate a source reversal due to the growing Ouachita orogen 

to the south (Krumme, 1975). 

Krebs Group 

The Desmoin~sian Series is divided into the Krebs, Cabaniss, and 

Marmaton Groups. In earlier literature concerning Oklahoma and in pres

ent usage in Kansas, the Krebs and Cabaniss are represented by the 

single "Cherokee Group". The Krebs Group is conformable upon Atokan 

sediments, and except for channel sands scoured into lower units, forma

tions within the Krebs Group may be considered conformable. In the 

study area the Krebs Group contains, in ascending order, the Hartshorne, 

McAlester, Savanna, and Boggy Formations. 

McAlester Formation 

The McAlester Formation is a shale dominated lithostratigraphic 

unit. It thickens from north to south ranging from 150 feet north of 

Muskogee, Oklahoma to about 1200 feet in southern Haskell County (Oakes, 

1977; Oakes and Knechtel, 1948). The McAlester Formation was named by 

J. A. Taff in 1899 for exposures around McAlester, Pittsburg County, 

Oklahoma (Oakes, 1977). 

The term McAlester Formation is applied to the strata between the 

top of the Hartshorne Formation and the base of the Savanna Formation. 

While this application is consistent with the most recent studies in 

Muskogee, Mcintosh, and Haskell Counties, it is not specific enough for 

correlations from surface to subsurface. 
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The Hartshorne Formation contains the following sequence: Lower 

Hartshorne (Tobucksy) Sandstone, coal, Upper Hartshorne Sandstone, Upper 

Hartshorne Coal (Catalano, 1978). In Arkansas, the Upper Hartshorne 

Sandstone and coal are considered part of the McAlester Formation 

(Haley, 1981). However, in Oklahoma, the base of the McAlester Forma

tion is considered conformable with the Upper Hartshorne Coal. Where 

the coal is absent, the Upper Hartshorne Sandstone provides the basal 

contact. 

The upper limit of the McAlester Formation has been changed since 

the first application of the formation name. It was previously consi

deied to be the base of the Tamaha Sandstone (Wilson and Newell, 1937). 

Presently, the contact is considered to be the base of the Spaniard Lime

stone, a fossiliferous, sideritic, biomicrite, identifiable as the low

est consistent limestone in the overlying Savanna Formation. Locally, a 

thin coal may underlie this limestone (Oakes,l977). 

The McAlester Formation contains six named members and several in

tervening coals. In ascending order these are: the McCurtain Shale, 

Warner Sandstone (Warner coals), Lequire Sandstone, Cameron Sandstone 

(Stigler Coal), Tamaha Sandstone (Tamaha Coal), and Keota Sandstone 

(bituminous siltstone). Commonly, a shale is between the Keota Sand

stone and Spaniard Limestone. When the Spaniard is absent or indistin

guishable, the base of the lowest sandstone in the Savanna IS consid

ered as the top of the McAlester Formation. Stratigraphic nomenclature 

and correlations used in this report are summarized by Table I and 

Figure 4. 
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Cycles of Sedimentation 

Introduction 

Besides illustrating the stratigraphic positions of the sandstone 

members in the McAlester, Figure 4 demonstrates cyclicity of the units 

by generalizing the transgressive or regressive nature of units within 

the formation. Bennison (1979a) named Desmoinesian coal cycles, delin

eating a cycle as that sediment between and including a coal at the 

base, upward to the next underclay in the sequence and naming the cycle 

for the coal at the base. In a sense, this type of cycle represents 

max~mum regression to maximum regression. Problems with using this ap

proach in subsurface mapping include discounting the possibility of re

distribution of a regressive sandstone over the coal or paleosol during 

the next encroachment of the sea. Also, nomenclature may become con

fusing. For example, the readily recognizable Tamaha Sandstone is not 

contained within the Tamaha Coal Cycle. 

For the purpose of illustrating and emphasizing regressive epi

sodes, cycles have been proposed in this study which include an upward 

regressive through transgressive sequence: phosphatic marine shale, im

pure fossiliferous limestones and rippled siltstones, prodeltaic shales 

and delta front siltstones, channel or prograded shoreline sandstones, 

underclay, coal, and transgressive sandstone or limestone. Basically, 

what is attempted is a maximum transgressive (or "deepest water facies") 

to maximum transgressive cycle from which various subsurface maps may be 

constructed to illustrate paleobathemetry, sand geometry, etc., of each 

regressive episode ("GIS" of Busch, 1974; "format" of Brown, 1979). In

formal names of cycles are proposed, derived from either the prominent 
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sandstone or coal within the cycle. Within the McAlester Formation, 

four complete cycles are distinguished in ascending order: the Warner, 

Stigler, Tamaha, and Keota. Smaller cycles may be recognized within 

each cycle by slight changes in lithology, or by the presence of coals. 

Warner Cycle 

The informal Warner Cycle contains the McCurtain Shale Member and 

Warner Sandstone Member (and coal) of the McAlester Formation. Func

tionally, the base of the cycle is the top of the Upper Hartshorne Coal, 

whereas the cycle ends at the top of the upper Warner Sandstone. 

The McCurtain Shale is a black to dark-gray fissile shale with phos

phatic and sideritic septarian nodules in the lower part, becoming more 

silty and sandy in the upper part •. The McCurtain typically contains a 

few thin sideritic limestones and rippled sandstones and siltstones. It 

is present through the study area and thins from about 500 feet in Has

kell County northward to 80 feet near Muskogee (Oakes, 1977; Oakes and 

Knechtel, 1948). 

The Warner Sandstone overlies the McCurtain Shale, thickening lo

cally at the underlying shale's expense. The Warner is actually two 

sandstones. The lower Warner 1s typically a fine to medium grained 

sandstone, coarsening upwards, that contains plant debris and abundant 

iron in the form of siderite or hematite. It is usually gray to tan, 

cross-bedded, contorted, or massive (Figure 5). There also may be a 

five foot shale containing a locally important coal seam separating the 

lower and upper sandstone bodies (Oakes, 1977). The upper Warner is 

best described as a tan to brown, thinly bedded, rippled, very-fine to 
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medium sandstone that commonly contains flaser beds, burrow mottles, and 

ironstone. 

The Warner varies ln thickness from 0 to nearly 60 feet within the 

study area (Oakes, 1977). The thickest Warner Sandstone observed was 50 

feet of cross-bedded, friable, ferrugenous medium sand at Brushy Moun

tain (Sec. 29, T. 14 N., R. 19 E.). However, most Warner outcrops ob

served were finer-grained sandstones, 20 to 30 feet thick. The Warner 

Sandstone correlates with the 'Lower' Warner of Kansas and Missouri 

usage, and is regionally extensive (Ebanks, 1979). 

Stigler Cycle 

The Stigler Cycle contains the unamed shale above the Warner, the 

Lequire Sandstone Member, the Cameron Sandstone Member (when present), 

through the Stigler Coal (Figure 6). The shale above the Warner was 

described by (Oakes, 1977) as dark gray to green, commonly silty, some

times containing thin, fossiliferous limestones, thin sandstones, and 

very thin coaly beds. The thickness of the shale is highly variable 

from 0 to 60 feet in Muskogee County, and to 300 feet in Haskell County 

(Oakes and Knechtel, 1948). The shale commonly grades upwards into the 

Lequire Sandstone. 

The Lequire and Cameron Sandstone Members are cortsidered by Oakes 

(1977) as one member (Lequire-Cameron) in Muskogee County. The lower, 

Lequire unit lS a gray to buff, 8 to 40 feet thick, rippled, mixed 

cross-bedded very fine to fine sandstone. The Cameron is discontinuous, 

0 to 30 feet thick, silty- or sandy-shale zone or lensatic sandstone, 

located above the Lequire and below the economically important Stigler 



Figure 5. 

Figure 6. 

Contorted and Friable Medium-sand 
at the Type- locality 
Sandstone at Warner, 

of the Warner 
Oklahoma . 

Typical Stratigraphic Relationshi? of 
McAlester Members Between the Warner 
Sandstone and the Keota Sandstone 
(from Oakes and Knechtel, 1948, 
p . 39. 
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Coal. The Lequire-Cameron contains carbonized wood fragments and plant 

impressions. 

The Stigler Coal overlies the Lequire-Cameron throughout the area, 

reaching a thickness of two feet. Typically, a thin coal or "rider 

vein'' exists several feet above the Stigler Coal in Haskell County. 

Upper McAlester Cycles 

Because of the discontinuous nature of the many sandstones, lime

stones, and coals above the Stigler Coal, the recognition of strict 

transgressive or regressive cycles in the upper McAlester Formation 1s 

difficult. However, the general patterns or succession of lithologies 

may suggest three or more cycles in the upper McAlester: Tamaha, Keota, 

and Spaniard (Figure 4). Each would be named for recognized members and 

the shales below. 

The shale between the Stigler Coal and Tamaha Sandstone var1es in 

thickness between 50 to 80 feet in Muskogee County, and thickens south

ward into the Arkoma Basin (Oakes, 1977). In Haskell County it is dark 

gray to black, fissile shale, that is silty near the top. The Tamaha 

Sandstone appears as a 3 to 20 foot, rippled, olive green to brown, 

coarse silt to fine sand. In northern Haskell County, it 1s very biotur

bated at the top. When locally absent, the Tamaha interval can be iden

tified within the study area as a silty shale. A very thin coal and 

limestone were observed above the Tamaha Member near Keefeton, Muskogee 

County. 

The shale between the Tamaha and Keota Members 1s brown and silty. 

The shale thickens north to south in the study area, reaching a Thick

ness of about 150 feet in Haskell County. The overlying Keota Sandstone 
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Member 1s present throughout Muskogee and Haskell County, and is 

represented by numerous, very fine sandstone lenses in a silty zone. 

This zone varies in thickness from 5 to 200 feet. The Keota is easily 

distinguished from other units in the McAlester by its numerous green to 

buff sand lenses, abundant Calamites fossils, leaf impressions, and 

regional persistence (Oakes, 1977). 

The top of the McAlester Formation is the base of the Spaniard 

Limestone Member of the Savanna Formation. The shale between the Keota 

and Spaniard strata is silty, gray to brown and contains a thin coal 

(Spaniard) just below the top. This shale varies in thickness north to 

south from about 5 to 25 feet. 

Surface to Subsurface Correlations 

Introduction 

Wilson (1935) attempted correlations between the surface Atoka, 

Hartshorne, McAlester, Savanna, and Boggy Formations with their subsur

face counterparts. Much of the subsurface usage has been derived from 

local, or functional usage (i.e. the Brown Lime appears brown in well 

cuttings). Bennison (1979a, 1979b) illustrated similar correlations 

between the surface and subsurface. Common surface-to-subsurface corre

lations for lower Krebs Group strata include (in descending order): 

Bluejacket (Boggy Formation) Sandstone - Bartlesville; Doneley, Sam 

Creek, and Spaniard (Savanna Formation) Limestones - Brown Limes; McAles

ter sandstone members - Booch Sands; Warner Sandstone - Lower Booch 

(also Middle Booch); and Hartshorne Sandstones- Hartshorne (sometimes 

Basal Booch); Atoka sands are called 'Dutcher' or 'Gilcrease'. 
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McAlester Formation 

Plates I, II, and III (in pocket), and Figure 7, illustrate corre

lations of the McAlester utilized in the subsurface mapping presented 

with this study. Outcrop stratigraphy was studied and compared to near

by well data to develop correlations. Composite stratigraphic sections 

from the Muskogee, Mcintosh, and Haskell County Bulletins of the Okla

homa Geological Survey were valuable in this approach, especially since 

these sections were prepared 1n a vertical scale of 1 inch equals 100 

feet, the common geophysical log vertical scale (Wilson and Newell, 

1937, Plate III; Oakes, et al. 1967, Plate II; Oakes, 1977, Plate II). 

These composite sections, like the electric log cross sections, 

illustrate the southward and eastward thickening of the section. The 

Warner Sandstone Member of the McAlester Formation correlates with the 

Lower Booch Sandstone (most common usage), a known oil and gas producer. 

The Lower Booch log response illustrated in Figure 7 matches the aver

age thickness and stratigraphic character of the Warner (Upper and Low

er) in outcrop. In the subsurface the Warner may attain a thickness of 

over 250 feet and show apparent scouring into the Hartshorne. Neither 

the great thickness nor the downcutting of the Warner into the Hart

shorne Formation are seen on the surface. To summarize, the electrical

ly resistant shale, coal, and siltstone below the Lower Booch represent 

the McCurtain Shale, Upper Hartshorne Coal, and Upper Hartshorne Sand

stone. McAlester Formation black shale facies provide a likely source 

for hydrocarbons. The first sand above the Warner would, of course, be 

the Lequire-Cameron, commonly called the Upper Booch Sandstone. The 

I 
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Stigler Coal may be identified above the Upper Booch by a 'spike' in the 

short normal resistivity. 

Correlation of McAlester strata above the Upper Booch is more dif

ficult and somewhat arbitrary. The Tamaha is correlated with the next 

highest sandy or silty subsurface zone. The numerous sandstone lenses 

of the Keota respond quite well above the Tamaha zone on logs. Above 

the Keota Sandstone lies a shale and numerous "Brown Limestones". The 

lowest of these limestones (Spaniard Limestone) is very thin and general

ly present on logs. Also, the "Brown Limestones" appear not as three 

continuous markers, but regionally as a 'zone' where three or more lime

stones, siltstones, and sandstones may develop. For these reasons, the 

functional top of the McAlester Formation in the subsurface was desig

nated as the top of the Keota zone, as correlated into the subsurface 

from the easternmost logs used in the study. The top was determined by 

the highest sandstone lens in the Keota sequence. A difference of 5 to 

25 feet between the subsurface and outcrop or roughly 2% error in iso

pach thickness of the McAlester Formation can be anticipated in this 

correlation. 

A remarkable consistency 1n the vertical positions of sandstone mem

bers in the McAlester Formation was observed in the construction of 

cross-sections and subsurface maps. Except for the Warner (Lower 

Booch), even the individual thicknesses of these sand members show 

little variation as seen along strike. Like the intervening shales, the 

sandstones tend to thicken southward. The consistency in stratigraphy 

and basinward thickening of the entire sequence aided in identifying 

cycles of area wide transgressions and regressions. 



25 

Busch (1953, 1974) illustrated correlations of the Booch Sand and 

McAlester Formation. The westernmost log (11 N., 12 E.) on Plate II was 

compared with this correlation and a major discrepancy was found. It 

appears that the top of the McAlester Formation was placed above the Le

quire-Cameron Member (Upper Booch) and the base approximately 100 feet 

into the Atoka Formation. These differences probably arise from changes 

in the boundaries of the McAlester by various authors (Wilson and New

ell, 1937; Oakes and Knechtel, 1948) and the previous lack of wire line 

electric logs such as those now available to permit the correlations 

provided in this study. 

Regional Correlation 

The stratigraphic equivalents of the Warner Sandstone Member of the 

McAlester Formation are recognized on the surface and in the subsurface 

throughout the Arkoma Basin and Northern Shelf of Oklahoma, as well as 

in parts of Arkansas, Kansas, and Missouri (Haley, 1961; Moore, et al., 

1951; Howe, 1961). Other members of the McAlester are absent or rarely 

recognized. Regionally the Warner Sandstone is known as the Little 

Cabin, Booch, Taneha, Tucker or Burgess Sandstone. 



26 

CHAPTER IV 

DEPOSITIONAL FRAMEWORK 

Evolution of the Arkoma Basin 

The Arkoma Basin and Ouachita Mountain regions of Oklahoma have a 

complex geologic history. Many articles have been written on the tec

tonic and sedimentary characteristics of these features and adjacent re

gions in Oklahoma, Arkansas, and Texas. Houseknecht (1983) summarized 

current ideas on the evolution of the Arkoma Basin. He discussed the 

tectonic history by emphasizing evidence in the sedimentary record. 

The Arkoma Basin history began with the development of a rift sys

tem or divergent plate boundary during the late Precambrian. A young 

(Ouachita) ocean basin developed with the opening of a proto-Atlantic. 

The southern margin of North America evolved into a passive, Atlantic

type margin (Houseknecht, 1983). Upon this south-facing shelf, thermal 

subsidence influenced the early and mid-Paleozoic (Cambrian-Silurian) 

accumulations of mostly shallow marine carbonates and sandstones. The 

interval is punctuated by numerous unconformities. In the deeper part 

of the Ouachita orthogeosynclinal basin, the time-equivelant sediments 

were very different in character. Deep marine shales, sandstones, and 

limestones of this facies are now exposed in the Ouachita Mountain Pro

vince, the result of the Ouachita orogeny. 
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The ocean began to close during the Late Devonian or Mississippian 

(Houseknecht, 1983). As North America and "Llanoria" converged, a sub

duction zone and volcanic arc developed within the basin. Through the 

earliest Atokan (Pennsylvanian) time normal shelf sedimentation con

tinued. During Atokan time, detritus poured into the remnant ocean 

basin from the east, north, and south. Subduction resulted in flexure 

of the North American continental crust and the development of normal 

faulting. 

Collision of the continents caus~d the uplift of the subduction 

complex, forming the Ouachita mountains and the Arkoma foreland basin 

(Houseknecht, 1983) by late Atokan time. During the earliest Desmoine

sian (McAlester) some sediment was being shed from the south into the 

Arkoma Basin. However, in Oklahoma_, the Ozark mountain and Nemaha Ridge 

sourcelands continued to provide sediment from the north (Figure 8). By 

middle Desmoinesian time, southerly derived sedimentation dominated the 

Arkoma Basin (Houseknecht, 1983). 

Depositional Setting of the McAlester Formation 

Source and Basin Characteristics 

Many workers have recognized the probable northerly source of 

McAlester sandstones. Busch's (1953) isolith map of the Booch sandstone 

(Figure 2) clearly demonstrates a northerly derived distribution system 

of deltaic-type sediments. Agterberg and Briggs (1963) determined pale

ocurrent directions from ripple marks in Desmoinesian outcrops. They 

recognized a dominantly south-southeast current direction in Krebs group 

strata, and suggested an Ozark source for· sediments studied. 

\ 
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Karvelot (1972) mapped paleocurrent directions of McAlester sand

stones in Haskell County. The apparent northwestern source direction 

for outcrops examined matched the general framework of Busch's (1953) 

isolith map. In an earlier study, Scruton (1949) concluded based on 

petrography and outcrop character that the Warner Sandstone represented 

northerly (Ozark) derived deltaic sediment. No observation made in the 

surface or subsurface aspects of this study conflicted with an ultimate 

northerly source for McAlester sandstones. 

The shape of the Arkoma foreland basin during McAlester deposition 

was probably a trough that trended east-west, fed from the north by 

rivers and from the south by fan sediments off the Ouachita highlands. 

In Arkansas, two McAlester Formation troughs have been identified, both 

northeast-southwest trending, which contain a maximum of 1800 feet of 

McAlester sediment (Haley, 1961). Busch, (1974) illustrated an isopach 

map of the McAlester Formation in East-central Oklahoma (also Plate VI, 

in pocket). As demonstrated before, while Busch's correlations of the 

McAlester were not correct, this map does generally demonstrate the 

shelf-to-basin character of the unit during McAlester deposition. 

The thickening of the McAlester Formation to the south represents a 

transition from shelf to basin. This thickening is probably associated 

with differential subsidence due to crustal loading; the result of the 

previously described Pennsylvanian continental collision and subsequent' 

Ouachita orogeny in early Desmoinesian time (Houseknecht, 1983). 

The McAlester Formation also thickens abruptly on the south side of 

several northeast-southwest trending faults, regardless of the location 

of the downthrown side. Koonz (and Oakes, 1967, Plate III) mapped the 

subsurface structure of Mcintosh County and delineated several major 
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fault systems. Cohen (1982) modeled the structural characteristics of a 

passive to active continental margin. He explained reversals and reacti-

vat ions of prexisting listric, normal faults, that develop during later 

periods of basinal extension. It is possible that this model may be 

applicable to faults in East-central Oklahoma (see Figure 25). 

Paleoclimate 

Paleoclimatic reconstructions of North America during Pennsylvanian 

time generally place East-central Oklahoma near the equator (Heckel, 

1977; Habicht, 1979, Foldout 5). Partial evidence for this interpreta-

tion is the large number of coals, and accompanying Calamites and Lep-

idodendron (tropical-type) plant debris, indicating swamps and marshes 
.-

in a humid, tropic a 1 c'limate. Furthermore, Habicht 0979) uti 1 ized the 

locations of other climate-sensitive sedimentary rocks and paleomagnet-

ism to suggest paleolatitude. 

Heckel (1977) discussed the origin of the phosphatic black shales 

common to the Pennsylvanian cyclothems in Kansas and Oklahoma (Figure 

9). Interaction between oxygen-starved, phosphate-rich upwelling bottom 

water and warm water circulating above the thermocline encouraged phos-

phorite development within the black muds during transgressive phases of 

cyclic sedimentation. 

Booch Delta 

Surprisingly, it was not D. A. Busch (1953) who first published an 

isolith map of the Booch Sandstone and postulated a deltaic or1g1n based 

upon sand geometry. R. D. Reed (1923) prepared and published such a 

map. Reed concluded that: 
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The peculiar Booch sand promises, albiet in a somewhat 
doubtful manner, to fit nicely into the scheme of things which 
a Pennsylvanian delta would require us to assume in the Henrey
etta district (p. 57). 
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He erroneously theorized southern soureR for the Booch Delta pro-

grading into a more northerly epicontinental sea. 

Scruton (1949) recognized that the myriad of environments that he 

observed in the Warner could only exist within the framework of: 

••• that most complicated of sedimentary environments, the region 
where a river •.• flowing generally southwest ••• entered the sea. At 
some plac3 within the (study) area ev.ery characteristic feature of 
the del tail: environment can be found ••• the interpretation is un
avoidable (p. 67). 

Most of the work on the Booch-Warner Sandstone since 1953 has been 

guided by Busch's (1953) well publicized isolith map of the Booch Sand-

stone. This exceptional map clearly demonstrates the bifurcating sand 

geometry observed in modern, high constructive deltas (Fisk, 1961; 

Brown, 1979). 

There is little doubt .that the Warner Sandstone Member and other 

McAlester sandstones CB0och Sands) represent phases of a single deltaic 

episode or several deltaic episodes. However, a more exact determina-

tion of deposicional environments from outcrops and cores measured tn 

this study is desired. For that reason, current ideas on specific depo-

sitional models <:md environments within deltas will now be presented. 

Depositional and Facies Models 

Fisk (1961) studied the Mississippi Delta and outlined the sand 

geometry, facies associations, and sediment character of 'bar-finger' 

sandstones. The criteria applied to the recognition of bar-finger sand-

stones in ancient deltaic deposits (Fi~ur~ lO) are sumn1arized as 
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follows. Elongate and lenticular sands thin upstream and bifurcate down

stream. Boundaries with surrounding finer-grained, marine fauna-bear

ing facies are transitional. The central portions of the bodies are 

composed of clean, well-sorted sand that contains laminated and unidi

rectionally cross bedded sands. Festoon cross beds, plant fragments, 

and laminae of silts and clayey-silts occur within the bar-finger. 

Minor faults, contortions, and mud lump 'stocks' are developed during 

deposition. Furthermore, Fisk applied these criteria to Busch's Booch 

Delta and concluded (based on evidence available) that the thick elon

gate sand bodies represented ancient bar fingers. 

Depositional models associated with Appalachian coals were the fo

cus of a report by Horne, et al. (1978). Criteria for the recognition 

of five types of specific depositional environments were outlined. Land

ward subdivisions of their Pennsylvanian deltaic facies tract include: 

barrier, back barrier, lower delta plain, transitional lower delta 

plain, and upper delta plain-fluvial elements (Figure 11). Measured 

sections were presented to illustrate common vertical sequences of lith

ologies and sedimentary structures. 

Brown (1979) identified two basic models for cratonic deltas: the 

high-constructional lobate (Figure lZ) and the high-constructional elon

gate (Figure 13), within which many local depositional environments can 

be identified. The basis of the identification and subsurface mapping 

of individual deltas was the 'delta cycle' genetic interval, a vertical 

subdivision of the stratigraphic section very similar to the mapping 

cycle put forth earlier in this report. 

The most important hydrocarbon reservoirs within delta systems are 

"delta-front" sandstones, those sandstones deposited during initial 
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progradation (advancement) of the delta system (Brown, 1979). Other 

reservoirs of lesser importance that may develop within a constructive, 

cratonic delta system are strike-oriented barrier sandstones, destruc

tive barrier sandstones, and crevasse splay deposits. Source rocks for 

hydrocarbons in delta systems include adjacent shales. 

The character of delta front sands varies depending upon the over

all lobate or elongate geometry of the delta. Lobate delta-front sand

stones exhibit digitate electric'log patterns, which generally may be 

qistinguished from massive, blocky elongate sandstone electric log pat

terns (Brown, 1979). 

Lobate deltas are characterized by marine-reworked delta-fringe 

sandstones, lobate geometry, thin preserved channel mouth bar sand

stones, and contemporaneous growth faults. In contrast, elongate del

tas exhibit narrow, elongate delta front sandstones composed of the 

channel mouth bar and distributary channel-fill sandstones (bar fingers 

of Fisk, 1961). Elongate channels were rapidly deposited in relatively 

deep water and involved contemporaneous subsidence into thick, water 

saturated prodelta mud. These sand bodies are frequently deformed by 

rapid subsidence and injection of mud and sand diapirs (Brown, 1979). 

Reservoir facies within lobate systems frequently include growth 

faulted delta front sandstones, distributary channel fill, delta-front 

sheet sandstone and bar fingers. The fact that elongate, bar finger 

sands are enclosed in prodelta shales increases their stratigraphic trap 

potential (Brown, 1979). 

Straight distributary channels, usually in distal parts of the 

delta complex, may be abandoned and filled vertically by bedload sands, 

then muds. Generally narrower than bar finger sands, distributary 
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channel sands are also distinguished by their box-like geometry on geo

physical logs (Figure 24). These channel-fill sandstones frequently 

grade upwards into fluvial-type meander belt sandstones, characterized 

by an upward decrease in grain size, permeability, and scale of sedimen

tary structures (Brown, 1979). 

This overview of various types and characteristics of cratonic del

tas provides a framework for evaluating measured sections and cores of 

sandstones within the McAlester Formation with respect to variations ~n 

lithology, sedimentary structures, and apparent sedimentary facies. 



CHAPTER V 

OUTCROP STUDY 

Introduction 

The outcrop zone of the McAlester Formation in Haskell, Mcintosh, 

and Muskogee Counties is characterized by ridges and valleys where the 

resistant sand members crop out in the- dominantly shale sequence. 

Throqghout eastern Oklahoma, regional dip is to the west and the gently 

dipping sandstone units create a large number- of east-facing escarp

ments. In the study area, sandstone outcrops are commonly exposed on 

the limbs of folds, generally synclines. These occurences of sandstone 

outcrops, along with several "fresh" roadcuts and excavations provided 

the opportunity to study the McAlester sandstone members in outcrop. 

The primary objectives of the outcrop study were: 

1. To interpret depositional environments in the sandstone members, 

for the purpose of understanding the depositional framework of the 

McAlester Formation. 

2. To establish an outcrop vertical stratigraphic sequence of rock 

units that can be compared to the subsurface McAlester section as 

seen in electric logs. 

3. To investigate the petrographic and diagenetic characteristics of 

the sandstones for later comparison with samples of the same units 

in the subsurface. 
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Geologic maps and measured sections obtained primarily from Okla

homa Geological Survey county bulletins aided in the identification of 

outcrops suitable for measurement and/or sampling. Before beginning 

data collection a reconnaissance survey was made using available geo

logic maps to identify probable exposures. Outcrops for measurement 

and/or sampling were selected based upon quality of exposures and dis

tance between sampling points for the same member. From this approach 

two types of sampling localities were distinguished in this study: 

1. Measured Sections - represent 20 foot or thicker sandstone and 

shale outcrops that are exposed sufficiently to display sediment

ary structures and permit an environmental interpretation. These 

localities were examined, measured, and sampled for petrographic 

analysis (see Appendix A). 

2. Sampled Outcrops - are those localities that in some way did not 

meet the above criteria (perhaps the target rock unit was very 

poorly exposed) and were only sampled for petrographic analysis. 
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A total of 12 measured sections (Figure 14) and several sampled out

crops were utilized in this study (Table II). At least one section of 

each member of the McAlester was measured, six of the measured sections 

are Warner Sandstone, As mentioned earlier the Warner is the hydrocar

bon producing Lower Booch Sandstone in the subsurface and merits the 

greatest attention of the McAlester rock units, 

Measured Sections 

McCurtain Shale 

The McCurtain Shale is the basal member of the McAlester Formation; 

it overlies the Upper Hartshorne Coal. The McCurtain Shale was observed 



Figure 14. Locations of Measured Sections (U.S.G.S. Base, 
Oklahoma, 1:500,000). 
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TABLE II 

MEASURED SECTION AND SAMPLED OUTCROP LOCATIONS 

Measured Sections: Appendix A 

MOl McCurtain Shale c sw Sec. 32' T. 9 N.' R. 21 E. 
WOl Warner Sandstone c SL Sec. 12, T. 9 N.' R. 21 E. 
W02 Warner Sandstone c NW Sec. 27' T. 9 N.' R. 21 E. 
W03 Warn~r Sandstone sw SE Sec. 31' T. 9 N.' R. 21 E. 
W04 Warner Sandstone SE NW Sec. 28' T. 8 N.' R. 22 E. 
W06 Warner Sandstone sw NW Sec. 5, T. 12 N.' R. 19 E. 
W09 Warner Sandstone, SE SE' Sec. 2' T. 14 N.' R. 18 E. 
LCOl Lequire-Cameron Ss. N N Sec. 31 ' T. 8 N.' R. 20 E. 
LC03 Lequire-Cameron Ss. NW sw Sec. 36' T. 10 N.' R. 19 E. 
TOl Tamaha Sandstone c EL Sec. 25, T. 9 N •' R. 19 E. 
T03(4) Tamaha Sandstone c Sec. 27 ' T. 10 N.' R. 21 E. 
KOl Keota Sandstone SE sw Sec. 19' T. 8 N. ' R. 20 E. 

Sampled Outcrops 

W05 Warner Sandstone sw NE Sec. 27' T. 10 N.' R. 22 E. 
W08 Warner Sandstone sw NW Sec. 7' T. 15 N.' R. 19 E. 
WlO Warner Sandstone c WL Sec. 18' T. 13 N. ' R. 19 E. 
Wll Warner Sandstone sw sw Sec. 16' T. 12 N.' R. 19 E. 
Wl2 Warner Sandstone NW Sec. 19 ' T. 14 N •' R. 19 E. 
W13/K02 Warner Sandstone SL Sec. 2' T. 12 N •' R. 18 E. 
W14 Warner Sandstone SE Sec. 29' T. 14 N.' R. 19 E. 
LC02 Lequire-Cameron Ss. SE NE Sec. 28' T. 11 N.' R. 18 E. 
K03 Keota Sandstone sw NW Sec. 7' T. 13 N. ' R. 19 E. 
K04 Keota (Shale) c EL Sec. 17 ' T. 15 N. ' R. 18 E. 
SOl Spaniard Limestone sw NE Sec. 11, T. 13 N.' R. 18 E. 
S02 Spaniard Limestone SE sw Sec. 19' T. 8 N. ' R. 20 E. 
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throughout the study area, however, only one section was measured. The 

McCurtain Shale (MOl) is exceptionally well exposed in a roadcut on S.H. 

82 south of Stigler, C SW 1/4 Sec. 32, T. 9 N., R. 21 E. This section 

was measured previously by Oakes and Knechtel (1948), however not for 

the purpose of environmental interpretation. 

The 140 foot exposure of black and dark gray marine shale contains 

a few ripple marked siltstone layers and very fine sandstones (Figure 

15), also two thin sideritic, biomicritic carbonate layers containing 

brachiopods, bryozoans, cr~noid fragments and other obviously marine 

fauna elements were also noted. There is a 2 inch coal and underclay 

near the base of the exposure, probably the Ppper Hartshorne Coal unit. 

The McCurtain Shale typically is silty and sandy near the base of 

the overlying Warner Sandstone. Because of the marine character of the 

lower and middle McCurtain, and its coarsening upward relationship to 

the Warner, it is believed to represent marine shelf and prodeltaic sedi

mentation associated with the Warner (or Lower Booch) deltaic episode. 

Warner Sandstone 

Six sections of Warner Sandstone were measured (WOl, W02, W03, W04, 

W06, and W09) and many outcrops w.ere examined and sampled throughout the 

study area. The Warner was typically distinguished from other sandstone 

members by is coarser grain siz.e and stratigraphic position above the 

McCurtain Shale. 

Outcrop WOl, Sec. 12, T. 9 N., R. 21 E., was first measured by Kar

velot (1972). This roadcut is well exposed and illustrates two distinct

ly different bedding types within the Warner Sandstone. The lower fif

teen feet of gray to maroon, moderately well sorted, medium sandstone 
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contains large and medium scale unidirectional tabular cross-beds: sid

erite cement is pr~sent on the bedding surfaces (Figure 16). The con

sistency of the nearly due east dipping surfaces give a distinct sense 

of paleocurrent directions. In several places the tabular beds are de

formed, contorted, and even folded over to form "recumbent forsets" 

(Karvelot, 1972)~ 

The upper sands 1n the Warner are also medium-grained and moderate

ly well sorted but differ distinctly in appearance from the basal beds. 

The upper, brown, trough cross-bedded sands scour the upper surface. of 

the tabular sands. Troughs are usually contorted by both penecontempor

aneous deformation and iron diagenesis, and the upper sandstone is much 

more friable than the lower. 

Just a few miles south, measured sections W02 (Sec. 27, T. 9 N., R. 

21 E.) and W03 (Sec. 31, T. 9 N., R. 21 E.) exhibit characteristics sim

ilar to WOl. Section W02 shows medium-scale trough cross-bedded Warner 

Sandstone scoured into silty McCurtain Shale. Numerous plant fragments 

and clay clasts are 1n this layer. Higher 1n the section, the reddish 

sand is very deeply weathered and friable. Sedimentary structures are 

difficult to distinguish; however mixed trough and tabular cross bedding 

and small recumbent forsets were recognized. The upper surface of this 

section contained symmetrical ripples. 

Section W03 illustrates a contorted, trough cross-bedded lensatic 

sandstone body scoured deeply into a horizontally bedded, rippled, silt 

and very fine sandstone. The Warner contains abundant iron in the form 

of siderite, limonite, or hematite. 

The close proximity of the three measured sections requires that en

vironmental interpretations for each section fit with the interpretation 



Figure 15. Bioturbated Siltstone Layer in the 
McCurtain Shale (Sec. 32, T. 9 N. , 
R. 21 E.). 

Figure 16 . Unidirectional, Tabular Cross-bedding 
in a Warner Sandstone Channel (Sec . 
12, T. 9 N., R. 21 E. 
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of the others. The northerly (WOl) section "represents stacked, rapidly 

prograding distributary channels. The initial progradation is marked by 

the unidirectional tabular cross-beds and recumbent forsets. This lower 

unit has been scoured into by an upper channel containing trough cross

bedded sandstone. The two measured sections to the south are smaller 

channels, resulting from the bifurcation of the main-distributary chan

nel seen in WOl. The silty-sand and sandy- to silty-shale of the upper 

McCurtain seem to indicate a poorly developed 'delta front' sand. 

Farther southeast (Sec. 28, T. 8 N., R. 22 E.), another outcrop of 

Warner Sandstone (W04) was measured. Several three to six foot thick, 

gray, siderite cemented, medium-sand lenses had scoured into dark-gray, 

marine shale (Figures 17 and 18). Numerous plant fragments were ob

served 1n this zone. The upper fifteen feet of this forty-two foot mea

sured section contained brown to gray, assymmetrically rippled, slightly 

burrowed sandstone, interbedded with silt and clay. 

This outcrop represents the progradation and lateral migration of a 

small distributary channel in a distal portion of the delta complex. 

The delta front facies is absent, either removed by scour or never depo

sited. The upper rippled sand 1s the destructive facies developed after 

abandonment of that portion of the delta complex. Sand would be marine 

reworked over the regressive facies as the complex subsides. 

Nearly 46 miles to the north (Sec. 2, T. 14 N., R. 18 E.), a very 

similar transgressive sand is directly above a well developed coal and 

the lower Warner sandstone. This lower sandstone is five feet thick, 

sideriti~· and contorted at its basal contact, becomi_ng rippled at the 

top. There is a well developed paleosol below the 8 inch coal and a one 



foot silty clay just above. This sequence illustrates a transgression 

over a upper transitional delta plain deposit (Horne, et al., 1978). 
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West of Warner, on the north bluff of the escarpment formed by the 

Rattlesnake Mountain syncline (Sec. 5, T. 12 N., R. 19 E.), twenty feet 

of Warner Sandstone is well exposed (Figure 19). The contact with the 

greenish-gray, horizontally laminated and flaser bedded silty and sandy 

shale below is gradational and the sandstone coarsens upward to medium

grained sandstone containing tabular cross-bedding sets. The middle, 

fine-sand zone contains rippled layers and mixed, small-scale, multidi

rectional, cross beds. Locally, a thick coal and rippled sandstone are 

above this sequence. The lower deltaic plain facies of Pennsylvanian 

deltas in the central Appalachians as described by Horne, et al. (1978) 

included a very similar vertical sequence. This outcrop probably repre

sents that facies nearest the channel mouth bar. 

Above this section stratigraphically, and almost everywhere within 

the study area, the upper Warner sandstone appears as a rippled, re

worked sand, interbedded with silt and mud. This regionally persistent 

upper sandstone is believed to denote an area wide transgression (de

structive phase) during the Warner deltaic episode. 

Several other Warner outcrops were sampled for petrographic stud

ies. However, many were very poorly exposed and exhibited no distin

guishable sedimentary structures. The type locality of the Warner (Fig

ure 5), although very poorly exposed, did exhibit contortions and large 

scale (trough) cross-bedding. Similar (but thicker) friable, medium

grained, iron cemented (limonite, hematite) sandstones are found at 

Brushy Mountain (Sec. 29, T. 14 N., R. 19E.), and the east end of Rattle

snake Mountain (Sec. 3, T. 12 N., R. 19 E.) north of Warner. These 



, 
Figure 19 . Coarsening Upwards Lower Deltaic 

Plain Deposit in the Warner 
Sandstone (W06) at Sec • . 5, 
T. 12 N. , R. 19 E. 
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exposures probably represent Warner distributary facies in Muskogee 

County. 
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The Warner Sandstone was the only member of the McAlester observed 

to exhibit grain size and porosity generally associated with hydrocarbon 

reservoir sandstones. With the exception of a few very thin sand layers 

within the Lequire-Cameron, porosity rarely exceeded 5% in other sand

stone members. Thus they are not considered to possess hydrocarbon res

ervoir quality. 

Other Sandstone Members 

Two outcrops of the combined Lequire-Cameron Member were measured 

in detail and sampled for petrographic evaluation. The first, LCOl 

(Sec. 31, T. 8 N., R. 21 E.) crops out in a road cut north of Kinta, in 

Haskell County. Two generally coarsening upwards sequences overlie a 

gray, unnamed shale. This outcrop was described by Oakes and Knechtel 

(1948) and Karvelot (1972). At this locality numerous interesting sedi

mentary structures may be observed in the very-fine and fine sands: 

dewatering structures, assymetric ripples, £laser bedding, tracks, 

trails, and burrows. Large Calamites fossils were found in the gray, 

more massive bedded sandstone layers. This 40 foot section is overlain 

by about 15 feet of very poorly exposed siltstone and the Stigler Coal. 

Section LC03 was exposed at a quarry approximately ten miles north of 

LCOl, Sec. 36, T. 10 N., R. 19 E. It was very similar in grain s1ze and 

sedimentary structures, yet differed in thickness (only 15 feet of 

sand). 

Karvelot (1972) identified coarser grained channel facies of Le

quire sandstone in Haskell County and Catalano (1978) recorded a 95 foot 
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max1mum thickness for the Lequire Sandstone. This information suggests 

thinning of the Lequire to the north and west. A channel mouth bar 

facies interpretation for these two measured sections is compatible with 

the conclusion that a Lequire distribution system must have existed to 

the immediate northeast. 

A well exposed section of Tamaha Sandstone (T03-4) was measured at 

a strip pit at Sec. 27, T. 10 N., R. 21 E. (also measured by Karvelot, 

1972). The vertical sequence included gray silty-shale with a pair of 

very thin coaly layers at the base and coarsened upward to thin, gray, 

lensatic, calcareous very-fine sands interbedded with silty-shale and 

sandy-silt (Figure 20). Above this lower 15 foot sequence, the section 

is dominated by about 10 feet of flaser bedded ·and rippled very-fine 

sandstone. The sequence is capped by a few extremely bioturbated layers 

of gray, very fine sand. Another Tamaha outcrop of almost exactly the 

same vertical sequence was observed along the Canadian River at Section 

7, T. 9 N. , R. 20 E. 

A poorly exposed Tamaha section (TOl) was measured at Sec. 25, T. 9 

N., R. 19 E. It consists of thirty feet of sandy shale containing four 

flaser bedded silty layers in the lower and middle part. Above an 

abrupt and possibly erosional contact the sequence coarsens and contains 

a four foot very fine sand lens and siltstone. 

The Tamaha Sandstone is rarely well exposed; therefore study of 

sedimentary structures for environmental interpretation 1s difficult and 

any conclusion speculative. The specific facies models of Horne, et al. 

(1978) may be applied with difficulty to some sequences. The Tamaha 

appears to be a bay-fill sequence associated with some upper McAlester 

deltaic distributary system. 



Figure 20 . Tamaha (T04) Sandstone at Strip 
Pit North of Stigler (Sec. 27, 
T. 10 N., R. 21 E. ). 
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The Keota Member is also poorly exposed and difficult to classify 

environmentally. One section of the Keota (KOl) was measured at a road

cut on S. H. 2, north of Kinta. Numerous very-fine sand lenses were ob

served in nearly thirty feet of silty shale. Abundant Calamites fos

sils and fern imprints are present ~n the lower part of the section. 

The sand lenses are not individually persistent but, as mentioned be

fore, the Keota 'zone' is present over almost the entire study area. 

Like the Tamaha, the Keota may represent a prograded shoreline, possibly 

more tidally influenced, as indicated by the lens-like nature of the 

sandstones. 

The Spaniard Limestone was examined at several localities within 

the study area. It was very fossiliferous in southern Muskogee and Has

kell Counties, appearing almost marginally marine to the north. The 

Spaniard is generally sideritic, and thinly bedded with the dark shales 

of the lower Savanna. It appears to represent the initial transgres

sion for marine dominated Savanna Formation deposition. 



CHAPTER VI 

SUBSURFACE STUDY 

Introduction 

The major hydrocarbon producing Lower Booch Sandstone has been cor

related with the Warner Sandstone Member of the McAlester Formation. 

While hydrocarbon "shows" are not unusual in other McAlester Sandstones, 

especially the Upper Booch (Lequire-Cameron), these sands are virtually 

non-productive. For this reason, the Lower Booch (Warner) has been 

studied in much more detail. 

The subsurface area of this study includes Mcintosh County and 

parts of adjacent Haskell, Muskogee, Okmulgee, and Pittsburg Counties. 

Specifically, the area defined by T. 8-14 N., R. 13-19 E., was mapped 

based upon data interpreted from more than 550 geophysical logs and 

driller's strip logs. Two cores were available from i.mrnediately outside 

this study area and will be discussed in detai 1 later in this chapter. 

The primary objectives of the subsurface aspect of this study were: 

l. To interpret Lower Booch depositional facies from cores available. 

2. To investigate petrographic and diagenetic characteristics of the 

Lower Booch Sandstone ,Cas seen in the core). 

3. To prepare subsurface maps illudtrating Lower. Bovch sand geometry 

(net sandstone isolith), Warner Cycle depositional framework 

(Warner isopach), and McAlester Formation thickness ~ithin the 
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TABLE III 

CORE AND WELL CUTTING LOCATIONS 

Core Descriptions: Appendix A 

BOl L. Booch Sandstone SE NW Sec. 3' T. 12 N •' R. 11 E. 
B02 McAlester Fm. NW NE Sec. 17' T. 11 N. ' R. 12 E. 

Well Cuttings 

BA L. Booch Sandstone SE SE Sec. 27' T. 14 N •' R. 14 E. 
BB L. Booch Sandstone SE SE Sec. 17' T. 11 N •' R. 17 E. 
BC L. Booch Sandstone SE NW Sec. 27, T. 11 N •' R. 13 E. 
BD McAlester Fm. SE Sec. 18' T. 13 N.' R. 16 E. 
BE McAlester Fm. NW sw Sec. 30' T. 10 N.' R. 16 E. 
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study area (total formation isopach). 

4) To analyze major (known) hydrocarbon producing areas with the depo

sitional framework developed by the maps. 

Study of Cores 

Hemisphere Drilling, No. 1 Ryals-Pine (BOl) 

This well was temporarily completed as a gas well. Unfortunately, 

other information and geophysical logs were not available. The interval 

cored included 2234-2243 feet and 2252-2276 feet, roughly 33 feet of 

Lower Booch sand. 

The well is located at SW NE SE NW, Sec. 3, T. 12 N., R. 21 E., in 

the Morgan Pool, Okfuskee County. Oil and gas production in the Morgan 

Pool is from the Lower Booch or basal Atoka Formation (Dutcher Sands). 

Figure 21 illustrates the distribution of permeable Lower Booch sand in 

the Morgan Pool as interpreted from spontaneous potential logs. 

The lower contact of the sandstone was not present in the core, but 

the grain s1ze obviously coarsened upward. Rippled £laser bedding domi

nates the lower 15 feet of fine- and very fine-sand. Thin intervals in 

this lower zone contain soft-sed~mentary contortion and bioturbation. 

Strata between 2256 and 2260 feet contained oil-stained, fine- and medi

um-grained, cross-bedded sand. Petrographic studies of this zone re

vealed a peculiar silica-after-sulphate replacement cement. Immediately 

above this zone calcite cemented very fine sand contains plant rootlets. 

A 9-foot missing interval separates this zone from the upper 9 feet of 

core. This upper portion includes interbedded very fine sands with mud 

at the base, two very thin coaly layers in the middle, and dark shales 
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Figure 21. Lower Booch Sand Distribution (in Feet) in the 
Morgan Pool, Okfuskee County, Oklahoma. 
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interbedded with slightly burrowed very fine sands at the top (Figure 

22). 

This core appears to represent a crevasse splay or small, lower 

deltaic plain channel mouth bar deposit. When compared with the models 

put forth by Horne, et al. (1978) either interpretation may be applied. 

Location of the core and comparison with sandstone geometry (Figures 21 

and 22) illustrate its ·proximal relationship to a north to south trend

ing distributary sand body. Rootlets in the calcareous fine sand at the 

top of the lower cored interval suggests an interdistributary bay-fill 

deposit. The lower sands contain glauconite, siderite, and phosphatic 

cements, whereas the cross-bedded sands are cemented by calcite and 

poikilotopic quartz (after sulphates). This sequence indicates a small

scale marine regression involving the development of a thin channel 

mouth bar or crevasse splay deposit on the lower deltaic plain. The 

cross-bedded, (replaced) sulphate cemented, medium sand may represent a 

brief subaerial exposure of sands, before complete subsidence and infil

ling of inter-distributary bays occurred. 

Tamarack Petroleum, No. ~ Kerr (B02) 

This second cored well, located at NW NW NE Sec. 17, T. 11 N., R. 

12 E., was completed as an oil well in the "Wilcox Sand" (Ordovician). 

No log for this well was available, however nearby wells typically con

tain several feet of both Upper and Lower Booch Sandstone. The core re

ceived was from depths of 2041 through 2071 feet. Because no log was 

obtained for this well and no distinctive sandstone appears in this 

core, it can only be assumed to represent some sequence within the 

McAlester Formation. 



Figure 22. Core BOl, Sec. 3, T. 12 N., R. 11 E., I-aterval 
from 2253 feet to 2276 feet . 
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The well was drilled in the Aztec pool, a small area of Bartles

ville oil production in Okmulgee County. One mile east (Sec. 16), gas 

is produced from the Booch in the Summers Pool. 
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It is possible that the core represents the shaley interval between 

the Lower and Upper Booch sandstones. The flaser-bedded very fine-sand 

and interbedded mud at the base strongly resemble the upper portion of 

the previously described Lower Booch. The 20 foot dark shale interval 

above contains a highly fossiliferous, iron rich, marine carbonate. 

There is a five foot thick silty sand zone at the top of the sequence. 

Plant fragments and a few burrows are throughout the core. Two small, 

low angle faults are in the core, both indicated by slickensided sur

faces on bedding planes. The upper fault zone was also distinguished by 

micro-faulting in the sand immediately above (Figure 23). 

If the assumed stratigraphic position of this core is correct, it 

probably shows evidence of a destructive and transgressive phase at the 

end of the Lower Booch episode and initial prodeltaic sedimentation for 

the progradation of the Upper Booch Sandstone. 

Subsurface Mapping 

Introduction 

Three regional subsurface maps (Plates IV, V, VI, in pocket) and 

seven field maps were prepared for this study. Most of the field maps 

were sketches used to develop explanations of correlations, and oil and 

gas production control. Figures 21 (Morgan Pool) and 26 (Texanna Field) 

are two such maps. 



Figure 23. Microfaulting in the Upper Sandstone 
Zone (2043 feet) of Core B02 (Sec. 
17, T. 12 N., R. 11 E.). 
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Warner Cycle (Lower Booch) Sand Isolith 

Plate III is a geophysical log cross-section illustrating the cor

relation of the Warner Cycle. Plate IV illustrates net sand thickness 

(S.P. response) within the Warner Cycle, the top of the Upper Hartshorne 

Coal to the top of the Warner (Lower Booch) Sandstone. The two major 

channels have scoured into the underlying (McCurtain) shale; the western

most channel incised nearly 100 feet into the Hartshorne Formation. 

Net sandstone thickness is highly variable and increases at the 

expense of the underlying shale •. All wells examined for this study con

tained some sand in the Warner Cycle; this varies from as little as 8 

feet in the extreme northwest part of the map area to greater than 350 

feet in the extreme southeast. In many wells the Lower Booch ~s two 

sands, an upper marine transgressive sheet sand and a lower sand that 

includes thick channel fill sands. The upper sheet sand typically ac

counts for the presence of some Lower Booch sand in every well examined 

(Figure 24, item T). 

The westernmost channel is an extension of Busch's (1953; see also 

Figure 2) eastern distributary system. The presence of a more easterly 

distributary channel paralleling the Warner outcrops measured in this 

study explains the deltaic facies observed. The lower delta plain depo

sits northeast of Warner (Sec. 5, T. 12 N., R. 11 E.), the highly con

torted sands at the type locality ~n Warner, abrupt thickening of sands 

at Brushy Mountain and Rattlesnake Mountain in Muskogee County, and the 

west and south directed Warner channels in Haskell County indicate a 

cratonic, probably elongate delta system (Brown, 1979). In the subsur

face, the channels bifurcate southward and some smaller sand bodies 
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appear to have paralleled the shoreline, having become strike oriented 

due to marine reworking. The eastern channel fans out in the southeast 

almost merging with the eastward-prograded west channel. The abrupt 

change in direction of the western channel probably reflects prograda

tion into the axis of the basin to the south. In any case, the distribu

tion of sands in the subsurface completely agrees with and corresponds 

to deltaic depositional facies identified in Warner measured sections 

and the paleocurrent directions observed in outcrop exposures of the 

Warner Sandstone. 

Warner Cycle Isopach 

Further insight into the Lower Booch (Warner) depositional frame

work can be obtained from examining the Warner Cycle Isopach Map (Plate 

V). The deep incision of channels into the shelf and differential com

paction of sandstones in shales (Busch, 1953) can easily be recognized 

by anomalous isopach thicknesses. 

This interval isopach map is considered a general reconstruction of 

the depositional basin as present in the study area. The distributary 

channels intersect the basin axis almost at 90°, These channels bifur

cated down dip, especially at the basinal hinge line (or shelf edge), 

turned eastward and prograded down the axis of the basin. The shelf 

edge was oriented N. 60-70° E. (T. 9 N.). 

By projecting sandstone facies observed in outcrop into the subsur

face along strike and considering the rate of section thickening to the 

south, three broad depositional subdivisions may be identified: upper 

deltaic plain, transitional to lower deltaic plain, and distal delta to 

slope. The upper deltaic plain corresponds to interval isopach contour 
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values less than 100 feet. The transitional to lower deltaic plain like

ly existed in the area covered by the contour values between 100 feet 

and 225 feet. This zone generally corresponds to the best developed War

ner coal area in outcrop. The thickness of the interval increases mar

kedly south of the 225 feet contour. This pronounced 1ncrease indicates 

an area of rapid subsidence, probably associated with sediment loading 

of the basin and tectonic overburden in the Ouachitas due to thrusting 

associated with the growing orogeny (Houseknecht, 1983). 

McAlester Isopach 

The isopach map of the McAlester Formation (Plate VI) was prepared 

to demonstrate correlation and variation in total thickness within the 

study area. Like the Warner Cycle isopach, it also illustrates the ef

fects of differential compaction in sandstone and shale sequences. A 

m1nor northward shift in the basinal hingeline developed through the 

time represented by McAlester deposition. 

Petroleum Occurence 

Numerous small fields produce oil and gas from the Lower Booch Sand 

within the study area. The Southeast Salem Field, located at Sec. 17, 

T. 10 N., R. 14 E., reportedly produced a small amount of gas from 4 

feet of Upper Booch Sand (Oakes,·et·al'., 1966). 

Figure 25 illustrates major distributary channels, large-scale 

structural features (from Oakes, et al., 1966), and locations of several 

Booch fields. Some local occurrences of oil and gas in the Booch cer

tainly are controlled by stratigraphic trapping mechanisms such as dif

ferential compaction and sandstone pinch outs. Minor structural 
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Figure 25. Stratigraphic and Structural Controls on 
Petroleum Occurrence in the Lake Eufaula 
Area (after Oakes, et al., 1967, Plate 
III). 
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Figure 26. Sketch Map of the S. W. Texanna Field, Illustrating 
Lower Booch Sand Distribution and Major Faults. 
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features may also be involved in other local Booch production. However, 

it is obvious that notable occurrences of ~etroleum in the Booch are 

associated with the interaction of regional faults and folds with major 

Booch sand distribution systems. 

The Southwest Texanna field (Figure 26) is an example of such an 

interaction. Gas was discovered in 1981 when Cities Service Company, 

Nixon A No. 1, was drilled on the north shore of Lake Eufaula, at S 1/2 

S 1/2 NE 1/4 SE 1/4, Sec. 24, T •. 10 N., R. 17 E. The trap involved the 
/ 

south fault _system of the Warner uplift and the east channel of the 
I 

Lower Booch Sandstone. 

An active exploration effort for Lower Booch Sand traps in the 

study area would involve developing highly detailed sand maps and struc-

tural maps to determine the coincident locations of porous sands (of 

almost any thickness) and structure. This is not to say that pure stra-

tigraphic traps are not present in Booch sands; however no such traps 

have been satisfactorily demonstratep. 



CHAPTER VII 

PETROGRAPHY AND DIAGENESIS 

Composition 

Detrital Constituents 

The composition of detrital constituents rema1ns generally consls

tant throughout the sands of the McAlester Formation. Local composi

tional differences seem more a product of grain size variation than 

stratigraphic position. Average compositions of Warner and upper McAl

ester sands tone's are shown in Figure 27 ~ 

Monocrystalline quartz is the most abundant constituent regardless 

of grain size. Grains typically are angular due to overgrowths, but 

appear to have been round or subround during deposition. Original 

quartz grain shapes may be preserved by illite dust rims and early car

bonate cements. Polycrystalline quartz is seen as recrystallized or 

sutured composite grains, appearing metamorphic in origin. 

Feldspar_is not abundant in these sandstones, especially in out

crop, where weathering removes unstable constituents. Plagioclase (al

bite) is the common feldspar in finer sands with potassium feldspars 

prominent as sediments coarsen. Plagioclase grains were distinguished 

by twinning, while orthoclase grains were commonly cloudy and showed 

evidence of dissolution along cleavage planes. Feldspar overgrowths 

were observed on a few grains, but these are poorly developed. 
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Figure 27. Average Composition of Major Detrital 
Constituents in McAlester Sandstones. 
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Rock fragments typically include organic rich illitic and chloritic 

mudstone and siltstone clasts that are squeezed and that appear as re

crystallized pseudomatrix. Distinctive, rounded chert grains are also 

seen but are not common. Fragments of metamorphic rock, such as schis

tose quartz with muscovite and biotite, or schistose muscovite-stauro

lite are common. 

Muscovite is more abundant in finer sands, composing as much as 14% 

of detrital constituents. Biotite occurs with muscovite and is usually 

altered to chlorite. Glauconite is a very minor constituent of McAles

ter Sands; only a few grains were seen in thin sections. Zircon, tour

maline, leucoxene, and magnetite (?) are the most common heavy minerals, 

but are only comprise a trace percentage of these sands. 

Dispersed detrital matrix includes illite, chlorite, and granular 

organics. The organics are usually found along bedding or in phosphatic 

laminae. Granular crystals of siderite are dispersed in all sands. The 

grain to grain relationship of siderite to detrital constituents seemed 

to suggest a detrital origin. Siderite is an early diagenetic product 

resulting from the alteration of colloidal iron compounds in rapidly 

deposited sediments having neutral pH, negative Eh, high-carbonate and 

low sulphur activities (Curtis and Spears, 1975). 

Figure 28 illustrates compositional plots for individual McAlester 

sandstone members based on relative abundance of quartz (monocrystalline 

and polycrystalline), rock fragments (including chert), and feldspars. 

Most samples are plotted as sublitharenites, due to detrital mud clasts 

and metamorphic rock fragments. Some samples plotted as quartz aren

ites, usually finer grained sands and silts; a few samples were leached 

completely of metastable constituents. One Lequire-Cameron sample 
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plotted as a subarkose. The average McAlester sandstone contains 85-90% 

quartz (mostly the monocrystalline variety), 3-5% plagioclase and potas

sium feldspars, and 5-15% rock fragments in the form of mudclasts, meta

morphic rock fragments, and chert. 

Diagenetic Constituents 

Quartz overgrowths and microquartz are the dominant cementing 

agents in fine sands and silts (Figure 29). These cements also dominate 

in coarser sands where early carbonate cements and well developed illite 

coatings are absent (Figures 30, 31, and 32). Overgrowths are inter

locked, suggesting pressure solution and suturing. Evidence of pressure 

solution was observed in samples collected south of the Canadian River 

(Haskell County). 

Siderite is present as highly birefringent granular masses and 

spherulitic siderite cement and ~s commonly associated with calcite 

cements. Replacement of quartz grains and solution embayments are com

mon where siderite is in contact with quartz. The preservation of round 

quartz grains lacking overgrowths suggests that siderite cementation was 

an early diagenetic event, and that porosity-reducing mechanical compac

tion in well cemented, coarser grained samples was minimal (Figure 33). 

However, siderite and ferroan calcite developments within overgrowth 

reduced pores and on microquartz indicate at least one other event of 

carbonatization. Iron carbonates typically display telodiagenetic (late 

diagenetic) alteration to hematite and limonite. In many outcrop sam

ples iron-bearing minerals such as siderite, ferroan calcite, biotite, 

and iron illite (detrital matrix) are completely altered to limonite and 

hematite. 
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Figure 30. Photomicrograph of Effects of Pressure 
Solution and Quartz Overgrowth in the 
Warner Sandstone (W02, 200X, XN). 

Figure 31. Photomicrograph of Microquartz Cemen
tation in the Warner Sandstone 
(WOl, lOOX, PPL). 
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Figure 32. Photomicrographs Illustrating Original 
Quartz Grai n Shapes Preserved by 
Detrital Illite (A) and Early Sid
erite (B) Cements (W04, lOOX, PPL). 
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Figure 33. Photomicrograph (A) and SEM Image (B) 
of Sider i te-cemented Warner Sand
stone (W04, 40X, PPL, SEM- !SOX) . 
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Samples from cores contained both siderite and ferroan calcite 

cement, with only minor amounts of pyrite. Core BOl - Hemisphere Dril

ling No. 1 Ryals-Pine (Sec. 3, T. 12 N., R. 11 E.) contained a peculiar, 

poikilotopic low-birefringent cement with cleavage traces at 90°. Ca

thode illuminescence studies of this sample suggested quartz replacement 

of a sulphate (Figure 34). Minor sulphate cements could have developed 

within a periodically subaerial environment. Beaches, berms, levees, or 

crevasse splays could have been such an environment. 

Major authigenic clay minerals observed in McAlester sands include 

kaolinite, illite, and chlorite. Sericite (coarse illite) was a common 

replacement of quartz and feldspar grains. Kaolinite is the dominant 

authigenic clay mineral in coarser-grained sandstones, particularly tn 

the Warner. The common kaolinite growth form involves pore-filling or 

pore-packing, low birefringent booklets that result from feldspar break

down. In many outcrop samples large, silt-sized, kaolinite booklets 

pack obviously oversized pore spaces (Figure 36 and 37). Illite and 

sericite are in all samples, but dominate the clay mineral assemblage tn 

the upper McAlester sands. Illite is distinguished_by its highly bire

fringent laths, lining and bridging pores. 

Authigenic chlorite, a dominant clay mineral, is difficult to iden

tify (Figure 38 and 39). The common growth forms for chlorite are iso

pachous rims on grains and 'house of cards' aggregates dispersed ·in pore 

throats. X-ray diffraction of clay extraction samples agree with most 

petrograhic observations. In samples where variations in percentages 

were great, chlorite was unidentified in thin section, due to its low 

birefringence and delicate nature. SEM inspection of McAlester 



Figure 34. Photomicrograph of Quartz-after
sulphate Poikiotopic Cement in 
Core BOl (lOOX, XN). 

Figure 35. Photomicrograph Illustrating Granular 
Siderite and Displacive Calcite 
Cements (T04, lOOX, XN). 
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Figure 36. Photomicrograph Illustrating Authi
genic Kaolinite Development in a 
Dissolution Pore (WOl, 200X, XN). 

Figure 37 . SEM Image of Pore-filling Kaolinite 
in the Warner Sandstone (WOl, 
lSOOX) . 

• 
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sandstone samples confirmed authigenic chlorite in some samples thought 

to contain very little or none (Figure 39). 

Porosity 

Because of the lack of subsurface petrographic data from cores, 

conclusions about the evolution of porosity in the subsurface are specu-

lative. Besides the two cores previously discussed, thin sections were 

prepared from the Lower Booch well cuttings of five well.s within the 

study area. Subsurface data, when combined with "fresh" outcrop sam-

ples, provides useful information about development of porosity. Hayes 

(1979) discussed the usefulness of outcrop data in sandstone porosity 

studies: 

(Subsurface to surface) comparisons show similar kinds and 
amounts of solution porosity in subsurface and outcrop sam
ples, demonstrating that solution porosity in these outcrop 
samples predated modern weathering (p. 30). 

Various types of secondary porosity are observed in McAlester Sand-

stones. One important texture is reduced intergranular, the result of 

pore reduction by quartz overgrowth. Secondary porosity also developed 

by dissolution of metastable detrital framework constituents, dissolu-

tion of detrital matrix and squeezed pseudomatrix, and dissolution of 

authigenic carbonate cements. 

Intergranular porosity is important in subsurface samples and ap-

pears as "hybrid pores". These are formed by the reduction of porosity 

and partial cementation by quartz overgrowth, cementation and slight 

replacement of overgrowths by calcite, and partial or complete dissolu-

tion of this calcite before hydrocarbon migration (Schmidt and McDonald, 

1979b) (Figures 40 and 41). Otherwise, dissolution secondary porosity 



Figure 38. Photomicrograph of Authigenic Chlorite 
and Siderite Cements. Note the Pore
lining Nature of Chlorite (WOl, 
200X, PPL). 

Figure 39. SEM Image of Authigeni c Chlorite (C) 
and Illite (I ) in a Siderite-cement
ed ( S) Sandstone (WOl, 1500X) . 
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Figure 40. Photomicrograph of "Hybrid" Porosity, 
Lower Booch Sandstone, Bald Hill 
Field (BA, lOOX, PPL). 

Figure 41. Photomicrograph Illustrating Oil 
Stained Porosity Owing to the 
Dissolution of Calcite Cement 
(BOl, lOOX, PPL). 

84 



85 

development 1n McAlester sandstones is typically a function of grain 

size. Consequently any coarse grained facies may contain reservoir 

quality sands. Feldspar and detrital matrix compose 2-7% each of total 

detrital grain composition in all samples. Porosity 1n very fine

grained sands and silts rarely exceeds 5%. It is owing to the dissolu

tion of feldspar and to a lesser extent detrital matrix (Figure 42). 

Intergranular porosity in finer grain sands and silts may be completely 

occluded by quartz overgrowths and illitic authigenic minerals. 

Fine- to medium-grained sands of the Warner exhibit significant 

porosity ranging from 3% to 20%. A great variety of secondary porosity 

textures are exhibited in Warner samples. These include intergranular 

pores, oversized pores, grain and cement molds, and intraconstituent 

dissolution textures (Schmidt and McDonald, 1979b). All of these tex

tures result from dissolution of detrital and authigenic constituents. 

Dissolution of carbonate cements results in oversized pores and apparent 

inhomogeneity of packing. Feldspars typically dissolve to form intra

granular porosity and are seen as honeycombed grains. Detrital matrix 

may dissolve to form intraconstituent porosity. Simultaneous dissolution 

of all metastable constituents will form tremendously oversized pores 

(Figure 43). 

Primary porosity was reduced by siderite, quartz overgrowth, 

microquartz, and calcite (Figure 44). As secondary porosity developed 

it was partially to completely occluded by clay minerals, late stages of 

carbonatization, and quartz overgrowths (Schmidt and McDonald, 1979a). 

In outcrops, porosity is occluded by the late precipitation of kaolinite 

as anomalously large pore-packing booklets. Siderite and ferroan 

calcite cements oxidize to insoluble iron minerals like hematite 
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Figure 42. Photomicrographs Illustrating Porosity 
Owing to the Dissolution of Feldspar, 
Left, and Detrital Matrix, Right (WOl, 
200X, XN-top, PPL-bottom). 
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Figure 43. Photomicrograph of Hematite (Formed 
after Siderite) Cemented Quartz 
Arenite (W02, 40X, PPL). 

Figure 44. Photomicrograph Illustrating Complete 
Cementation by Siderite and Calcite 
(B02, 200X, XN). 
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and limonite. Some Warner outcrops exhibited the complete leaching of 

all unstable constituents due to diagenesis. Sandstones of this type 

are classified as hematite cemented quartz arenites. 

Diagenetic History 
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Figure 45 summar1zes the complete diagenetic history of the McAl

ester sandstones. The sequence of events was determined by cross-cut

ting relationships observed in thin sections. V~iations in th~ inten

sity of an event within a sample was more a function of grain size than 

stratigraphic position. Subsurface samples were less mature (diageneti

cally) than outcrop samples, thus not all meso~diagenetic and no telodia

genetic effects commonly observed in the more basinward outcrop samples 

were seen in core and cutting thin sections (Schmidt and McDonald, 

1979a). 

Siderite is granular, flattened rhombic crystal aggregates or dis

persed crystals throughout all McAlester samples. It is an important 

cementing agent in some medium sands, especially those from distribu

tary channel facies. It is suggested that colloidal iron compounds were 

detrital constituents that altered to siderite shortly after deposi

tion. The normal (neutral) pH, low Eh, and low sulphur activity neces

sary for this process are all present in a rapidly developing delta sys

tem. Carbonate activity would increase as organic and plant material 

decayed in the sediment (Curtis and Spears, 1975). The preservation of 

rounded quartz grains by granular siderite provides the best evidence 

for ear~y post depositional development. Quartz overgrowths, then micro

quartz, precipitated during a period of low pH in pore spaces that were 

reduced in siderite cements. Generally, siderite and calcite replace 
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authigenic quartz. This suggests at least one later state of carbonati

zation or carbonitization occurred as a continuous process (Schmidt and 

McDonald, 1979a), Dissolution of feldspars, dissolution of carbonates, 

and dissolution of detrital matrix takes place locally any time the pH 

lowers to acidic conditions. 

Kaolinite and illite appear to be early diagenetic minerals, prob

ably derived from the dissolution .and replacement of feldspars. Precip

itation of either is a function of salinity and permeability, where kao

linite tends to form in open pores and illite in pore throats. Authi

genic chlorite was typically a later precipitant that coated open pores 

and clogged pore throats. This is most commonly noted in basinward 

samples. 

Outcrop samples display evidence of late-stage diagenesis. In 

subsurface samples secondary porosity appeared to be on the increase, 

whereas in outcrop samples all porosity seemed to be decreasing due to 

quartz overgrowths and the development of authigenic clay minerals 

(before surface exposure). In some instances surficial leaching 

(telodiagensis) had removed all feldspar, detrital matrix, and carbonate 

cements from samples and thus giving anomalously large porosity values. 



CHAPTER VIII 

SUMMARY AND CONCLUSIONS 

The Lower Desmoinesian McAlester Formation is divided into six 

named members. In ascending order these members are McCurtain Shale, 

Warner Sandstone, Lequire Sandstone, Cameron Sandstone, Tamaha Sandstone 

and Keota Sandstone. Sandstones and coals within the McAlester general

ly represent regressive deltaic sedimentation events. The intervening 

shales are typically dark, contain marine faunas, and represent marine 

transgressive events. From this, cycles may be delineated to illustrate 

major transgressive-regressive coupJets (format units). 

Regressive episodes in the McAlester appear related to ancient del

taic sedimentation with a northerly source. Specific depositional envi

ronments may be identified in outcrops and cores of McAlester members, 

each representing variations in facies elements of the overall high-con

structional deltaic system. The thickest cycle present within the study 

area, the Warner Sandstone, is the hydrocarbon producing Lower Booch 

Sandstone of the Eufaula Reservoir area. Warner outcrops and Booch 

cores help identify likely hydrocarbon reservoir and non-reservoir quali

ty sandstone facies. 

Subsurface mapping of regional sand geometry for the Warner (Lower 

Booch) Cycle corroborates the high constructive, elongate delta origin 

postulated by Busch (1953), Fisk (1961), and Brown (1979). The mapping 

of local occurrences of hydrocarbons in the McAlester sands, along with 
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a regional comparison of Warner sandstone geometry, major structural 

features, and large hydrocarbon discoveries, together suggests that trap

ping circumstances are combinations of structure and stratigraphy in the 

study area. 

The hydrocarbon reservo1r potential of McAlester sands vary based 

upon porosity and permeability. The medium-grained sublitharenites of 

the Warner Sandstone provide ideal reservoir quality porosity develop

ment. Finer, tight sands in other McAlester members are similar in com

position, but virtually unproductive. Porosity in the Warner typically 

developed by the dissolution of unstable detrital framework grains, de

trital matrix, and authigenic cements. Combinations of precipitation 

and dissolution events creates intergranular "hybrid" pores, the most 

common reservoir quality porosity. A sequence of diagenetic activity 

with time can be derived by petrographic observations of mineralogic 

cross-cutting relationships. 

Overall, there are five major conclusions made in this report. 

1. Each sandstone and shale member in the McAlester Formation repre

sents a regressive and transgressive phase of sedimentation. Cy

cles are delineated by the following vertical sequence: phosphatic 

marine shale, impure fossiliferous limestones, prodeltaic silty

shale, delta-front siltstone, channel or prograded shoreline sand

stones, underclay, coal, transgressive (destructional) sandstone or 

limestone. Major cycles in the McAlester include: Warner, Stigler, 

Tamaha, Keota, and part of the Spaniard. 

2. Members (and related cycles) of the McAlester Formation can be cor

related to subsurface geophysical log responses. Thus, these 



responses can be directly correlated with surface lithologies and 

vertical sequences. 
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3. Evidence from outcrops, cores, and sand geometry in the subsurface 

indicate that the Warner Cycle (Lower Booch and Warner Sandstone) 

represents a high constructive, elongate delta. Upper McAlester 

sands represent facies associated with separate deltas. However, 

the major distribution system of these sands is not present in the 

study area. 

4. The Warner (Lower Booch) Sandstone contains'the most likely hydro

carbon reservoir facies. Present occurrences of hydrocarbons in 

the Warner indicate that combination (structural and stratigraphic) 

traps are responsible for major accumulations. 

5. Sandstone members in the McAlester Formation are typically sublith

arenites, with very little variation in composition strati-graphi

cally. Reservoir quality porosity development is restricted to 

coarser-grained sands (Warner). Porosity developed through a ser

ies of diagenetic events, but mainly from the dissolution of detri

tal framework grains, detrital matrix, and authigenic carbonate 

cements. It is occluded by authigenic cements and clay minerals 

such as kaolinite, illite, and chlorite. 
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I MEAS. SEC . : W01 I UNIT : Warner Sandstone I 
LOC.: Roadcut 4.5 mllee eaet ot REF. : Karvelot, 1972, p. 75 
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I MEAS. SEC.: W02 I UNIT: Warner Sandstone 

LOC.: Bluff on north side of I REF.: 

Shropshire Yalfey Sec. 27, T.9N.,R.21E.I 
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I MEAS. SEC.: W03 I UNIT: Warner Sandstone 

LOC.: Bluff at SW SE REF.: 

Sec.31 ,T.9N..R.21 E. 
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I MEAS. SEC.: W04 I UNIT: Warner Sandstone 

LOC.: Wellaite excavation near REF.: 

McCurtain, OK Sec. 28, T.SN., R.22E. 
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I MEAS. SEC.: W06 

LOC.: North of Warner, OK 

SW NW Sec. 5, T.12N., R.19E. 
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